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Dietary  factors  can  affect  the  liver's  ability  to  metabolize 
drugs;  however,  few  studies  have  been  done  to  show  the  effects  of 
parenteral  nutrition  on  drug  metabolism.  The  effects  of  chronic 
parenternl  carbohydrate  administration  on  hepatic  microsomal  enzvme 
activity  were  studied  In  the  rat.  Daily  intraperitoneal  injections 
of  both  glucose  and  fructose  resulted  In  a significantly  decreased 
cytochrome  P-4S0  content  with  subsequent  losses  in  mixed  function 
oxidase  activity  (ethy lmorphine  N-demethvlation)  by  the  fifth  dav. 
Aniline  hvdroxy lat ion,  however,  was  not  significantly  decreased  until 
the  seventh  dav,  suggesting  that  the  hepatic  metabolism  of  ethvl- 
morphine  and  aniline  Is  mediated  through  different  forms  of  cvto- 
chrotne  P—4  SO . in  vivo  assessment  using  antipvrine  half-lives  con- 

firmed this  decrease  in  mixed  function  oxidase  activltv. 

The  administration  of  carbohydrate  produced  fatty  infiltration 
and  glvcogen  depletion  of  the  liver.  Tills  fatty  infiltration  was 
probably  due  to  Increased  lipogonesis  with  decreased  oxidative 
metabolism  of  fat  bv  the  liver,  since  all  groups  received  the 
identical  quantity  of  specific  nutrients.  The  glvcogen  depletion 
may  have  been  due  to  increased  hepatic  cyclic  AMP. 

The  decreased  hepatic  mixed  function  oxidase  activity  could 
have  been  the  result  of  sustained  hyperglycemia,  livpoinsul Inemia, 
and/or  increased  levels  of  hepatic  cyclic  AMP.  \ 
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INTRODUCTION 

Many  drugs  and  other  foreign  compounds  are  biotransformed  by 
microsomal  enzymes  located  predominantly  within  the  endoplasmic 
reticulum  of  the  liver.  This  biotransformation  usually  involves  the 
chemical  alteration  of  a lipid  soluble  compound  into  a less  lipid 
soluble,  and  hence  more  polar,  compound  which  can  be  eliminated  by 
the  kidney.  The  rate  at  which  hepatic  microsomal  enzymes  metabolize 
an  exogenous  compound  affects  the  duration  and  intensity  of  that 
compound's  action  in  the  living  system  (14).  A single  compound  may 
undergo  several  biotransformations  in  a sequential  fashion.  These 
reactions  are  oxidations,  reductions,  hydrolyses,  and  conjugations. 

The  specific  chemical  reactions  in  which  compounds  are  altered  are 
many  and  varied,  but  they  can  be  divided  into  two  main  categories: 
synthetic  reaction  and  nonsvnthetic  reactions  (49). 

Synthetic  reactions,  also  known  as  conjugations,  result  in  alter- 
ation of  the  parent  compound  by  combining  them  with  endogenous  mole- 
cules provided  by  the  bodv.  These  molecules,  known  as  conjugating 
agents,  are  usually  carbohydrates,  amino  acids,  or  substances 
derived  from  these  nutrients.  Whether  or  not  a particular  compound 
will  readily  combine  with  a conjugating  agent  is  determined  by  the 
structure  of  that  parent  compound.  If  this  foreign  chemical  possesses 
an  appropriate  center  for  conjugation,  such  as  a carboxyl  (-COOH) , 
hydroxyl  (-0H) , amino  (-NH2)  or  sulfhydryl  (-SH)  group,  a synthetic 
reaction  is  likely  to  occur.  If  the  parent  compound  does  not 
possess  such  a functional  group,  it  may  first  acquire  one  by  a non- 
synthetic reaction  (49).  Synthetic  reactions  usually  result  in 
termination  of  the  biological  activity  of  drugs  and  their  metabolites 
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(45).  The  compounds  resulting  from  synthetic  reactions  are  readilv 
eliminated  in  urine  and  feces,  sir  • conjugated  molecules  are  usually 
highly  ionized  acids  and  are  relatively  lipid  insoluble.  Synthetic 
reactions  occurring  in  man  are  acetylations,  methy lations , and 
conjugations  to  sulfate,  amino  acids  and  glucuronic  acid. 

The  nonsynthetic  reactions  involve  chemical  alteration  of  the 
parent  compound  by  oxidation,  reduction,  hydrolysis,  or  a combination 
of  these  processes.  Unlike  synthetic  reactions,  nonsynthetic  reactions 
do  not  necessarily  result  in  pharmacologically  Inactive  products.  The 
nonsynthetic  processes  may  actually  convert  an  inactive  drug  to  an 
active  compound,  or  change  an  active  drug  into  another  pharmacologically 
active  compound  (37).  End  products  of  nonsynthetic  reactions  are 
generally  not  excreted  from  the  body,  but  usually  become  substrate  for 
synthetic  reactions.  Thus,  most  drugs  undergo  a two-stage  biotrans- 
formation; the  first  phase  is  the  addition  of  an  appropriate  center  for 
conjugation  to  the  parent  compound,  and  the  second  is  the  combination 
of  this  altered  parent  compound  with  a suitable  conjugating  agent. 

The  majority  of  the  nonsynthetic  reactions  occur  within  the  smooth 
endoplasmic  reticulum  of  the  hepatocvte.  These  are  catalyzed  hv  an 
enzyme  complex  which,  when  experimentally  fractionated  and  prepared  as 
"microsomes , " is  conventionally  classified  as  a mixed  function  oxidase 
(MFO)  system  (51).  This  enzyme  complex  includes  a hemeprotein  (cyto- 
chrome P-450)  and  a flavoprotein  (nicotinamide  adenine  dinucleotide 
phosphate  [NADPH] -cytochrome  c reductase),  that  require  both  oxygen  and 
a reducing  agent  (NADPH)  to  function.  These  microsomes  possess  a broad 
substrate  "specificity,"  since  a wide  variety  of  drugs,  exogenous 
compounds  and  endogenous  compounds , such  as  steroid  hormones,  may  serve 
metabolic  substrates  for  these  enzymes  (49,61). 


Many  environmental  factors,  including  bedding,  cleanliness  of 


housing,  hormonal  changes  and  the  ingestion  of  foreign  compounds,  can 
either  stimulate  or  inhibit  the  liver's  capacity  to  metabolize 
exogenous  compounds  (14,47).  Recent  findings  have  shown  that  the 
composition  of  the  diet  can  also  be  an  Important  environmental 
determinant  of  the  pharmacological  and  toxicological  properties  of 
drugs  and  toxins  (11,12).  The  influence  of  the  individual  macro- 
nutrients (carbohydrates,  lipids,  and  proteins)  on  hepatic  drug 
metabolism,  however,  is  difficult  to  assess  for  a variety  of  reasons 
(12),  including  variabilities  in  the  caloric  intake  and  composition 
of  the  diet,  possible  stress  effects  created  bv  over-  or  under- 
supplementation of  nutrients,  and  "sparing"  actions  that  result  from 
the  supplementation  of  one  macronutrient  upon  the  deficiency  of 
another.  Thus,  although  many  studies  have  shown  a dietary  effect 
on  drug  metabolism,  little  is  known  about  the  biochemical  and 
physiological  mechanisms  involved. 

The  dietary  constituent  most  frequently  studied  in  relation  to 
hepatic  microsomal  enzyme  activities  is  protein.  A reduction  in 
the  quantity  or  quality  of  dietarv  protein  has  been  shown  to  decrease 
hepatic  microsomal  enzyme  activity  (31,32,53,54).  This  results  in 
decreased  microsomal  oxidations  of  many  drugs  and  other  foreign 
compounds,  such  as  pesticides,  with  a subsequent  increase  in  their 
toxicity  (3,7,38,40,42,43).  The  decreases  in  microsomal  oxidations 
are  due,  at  least  in  part,  to  decreases  in  cytochrome  P-450  (11). 

In  contrast,  a high  protein  diet  increases  the  rate  at  which  drugs 
are  metabolized  in  animals  (40,43). 
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I.ipld  substances  in  the  diet  may  be  as  Important  as  protein  In 
affecting  microsomal  activity.  Studies  by  Norred  and  Wade  (57)  have 
shown  that  changes  In  the  lipid  composition  of  the  microsomal  membranes 
alter  the  ability  of  the  microsomal  enzymes  to  bind  substrate.  Other 
studies  have  shown  that  endogenous  lipids,  such  as  steroids  (44,68) 
and  fatty  acids  (15,16)  may  occupy  cytochrome  P-450  binding  sites, 
thereby  displacing  exogenous  substrates  and  perhaps  interfering  with 
their  metabolism. 

A specific  biochemical  role  for  carbohydrates  in  the  MFO  system 
has  not  been  demonstrated;  however,  changes  in  dietary  carbohydrate 
composition  have  been  shown  to  produce  alterations  in  this  enzyme 
system  (11,12).  Studies  have  shown  that  dietary  manipulation  of 
carbohydrates  appear  to  affect  the  microsomes  through  generalized 
actions  on  intermediary  metabolism,  caloric  intake,  and/or  hormonal- 
stress  relationships  (11).  Boyd  et^  aj_.  (8)  found  that  high  sucrose 
diets  potentiated  the  toxic  effect  of  benzy lpenicil lin.  The 
investigators  suggested  that  this  was  the  result  of  a lower  rate  of 
conversion  of  the  drug  to  a less  toxic  product  . Jansson  et^  al_.  (36) 
reported  that  a high  carbohydrate  intake  inhibits  lipid  peroxidase 
activity  and  decreases  hepatic  MFO  activity  in  rats.  This  decrease 
in  microsomal  MFO  activities,  and  a subsequent  increase  in  the 
pharmacological  action  of  administered  drugs,  has  recently  been 
demonstrated  in  humans  fed  a high  carbohydrate  diet  (3,38). 

Strother  £t_  al . (72)  have  shown  that  a high  dietary  intake  of 
various  sugars  (glucose,  sucrose  or  fructose)  will  increase  the 
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duration  of  sleep  induced  by  barbiturates  in  mice.  This  effect  was 
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most  pronounced  with  glucose.  The  longer  sleeping  times  were 
correlated  with  a decrease  In  the  rate  of  metabolism  of  the  barbitur- 
ates. This  effect  of  high  glucose  was  transitory,  lasting  only  three  to 
four  davs,  after  which  time  the  mice  returned  to  their  original  sleeping 
times.  The  animals  consuming  a high  glucose  diet  did  not  have  a 
significant  elevation  in  blood  glucose;  however,  the  Investigators 
did  not  specify  when  the  animals  had  eaten.  They  further  stated  that 
urinary  glucose  greater  t ban  2%  occurred  overnight.  Therefore, 
although  hyperglycemia  did  not  appear  to  he  related  to  the  observed 
effect,  it  is  possible  that  hvperg lvcemia  may  have  been  a factor  at 
some  point  in  their  study.  in  an  attempt  to  establish  the  mechanism 
for  the  Increased  sleeping  time,  Peters  et  al.  (61)  observed  that  high 
dietary  glucose  levels  significantly  decreased  NAOPH  oxidase  activity 
and  nonsignificant ly,  but  reproduc iblv , decreased  cytochrome  P-4S0 
content,  cytochrome  P-ASO  reductase  activity  and  NADPH- cytochrome  c 
reductase  activity.  They  concluded  that  decreased  hepatic  microsomal 
barbiturate  metabolism  was  responsible  for  the  prolongated  barbiturate 
sleeping  time  after  glucose  treatment. 

'IVo  studies  have  shown  that  high  carbohydrate  diets  decrease 
hepatic  MFO  activity  in  rats  by  altering  cytochrome  P-ASO  levels, 
Dickerson  et  al . (18)  found  that  the  addition  of  fructose  to  a high 
glucose  diet  significantly  lowered  cytochrome  P-4S0  content.  l.ater, 

Basil  et  al.  (6)  reported  that  the  dietary  substitution  of  starch  by 
sucrose  or  its  constituent  monosaccharides,  glucose  and  fructose, 
significantly  decreased  aromatic  hydroxylase  activity  and  cytochrome 
P-ASO  content  in  the  hepatic  mlcrosomes  of  young  rats. 


To  da to,  all  studios  in  experimental  animals  0,8, 18,  th,b  1, 72)  and 
man  0,181,  whoro  a high  carbohydrate  diot  has  boon  found  to  dooroaso 
hopatio  MFO  aotivitv,  contain  one  major  dofloioncv  in  experimental 
design.  Nono  of  tho  oxporimonts  onsured  that  both  experimental  and 
control  groups  received  tho  same  quantity  of  protein,  oven  though  mnnv 
of  tho  studios  attempted  to  control  tho  total  calories  consumed.  This 
problem  In  experimental  design  is  particularly  important  when  the  work 
of  both  Peters  (('11  and  Strother  (7?!  Is  taken  into  consider 'at  ion. 

Hot  h of  t hose  investigators  found  t hat  when  a WIT  glucose  solution 
was  given  in  place  ot  drinking  water,  a 40T  reduction  In  food  intake 
occurred.  Therefore,  under  the  conditions  of  their  studies,  decreased 
hepatic  drug  metabolism  could  have  arisen  not  primarily  from  increased 
dietary  carbohydrate,  but  rather  secondarily  from  subsequently  decreased 
protein  eonsumpt ion. 

From  the  above  it  is  obvious  that  dietary  factors  can  affect  the 
liver's  ability  t o metabolize  drugs , even  though  the  mechanisms  in- 
volved seem  obscure  at  the  present  time.  In  human  and  veterinary 
medicine  parenteral  nutrition  Is  used  routinely  in  patients.  This 
nutrition  can  vary  from  a sterile  water  solut Ion  containing  IT  dextrose 
to  a hyperosmolar  solution  containing  amino  acids  and  fat  emulsions 
(2S1 . Very  few  studies  have  been  done  to  show  the  effects  of  parenteral 
nutrition  on  drug  metabolism.  Several  investigators  have  reported  that 
parenteral  carbohydrates  produce  transient  pharmacok inet ic  e frets, 
i.e.  effects  on  drug  distribution,  blot  r arts  format  Ion,  and/or  excretion 
(4b, SO),  lams on  et  at.  (4M  showed  that,  shortly  after  waking,  approxi- 
mately MIT  of  dogs  anesthealsed  with  pentobarbital  returned  to  sleep 
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after  Intravenous  glucose.  The  mechanisms  for  this  "glucose  effect" 
have  vet  to  be  determined.  Other  Investigators  have  shown  that 
fructose  administered  Intravenously  accelerates  alcohol  metabolism  In 
man  (10, SO).  Since  parenteral  nutrition  Is  usually  accompanied  by 
parenteral  or  per  os  drug  administration,  the  opportunity  for  Inter- 
action occurs  frequently.  Therefore,  It  becomes  Important  to  know 
what  pharmacokinetic  effects.  If  any,  are  produced  by  these  nutrient 
solutions.  The  purpose  of  this  study  was  to  determine  If  chronic 
parenteral  carbohydrate  administration  alters  hepatic  microsomal  enrvme 
activity  and  drug  metabolism  In  the  rat. 


M 


MATKK1AIS  ANP  MKTHOPS 

Animal  St  mil  ns 

All  Animals  used  tor  this  studv  wore  adult  male  rats'  weighing 
ISP  to  200  grams  each.  The  rats  were  quarantined  tor  one  week  prior 

•y 

to  studv  ami  we  re  fed  a commercial  laboratory  chow  and  water  ad 
libit nm  prior  ti'  experimentation.  Throughout  the  Investigation  the 
rats  were  housed  In  groups  of  six  In  stainless  steel  wire  cages 
suspended  over  absorbent  paper  bedding.  The  absorbent  paper  bedding 
and  travs  were  changed  dallv  to  avoid  the  Influence  of  exposure  to 
waste  products  on  liver  microsomal  enzvmes  (711.  The  temperature  In 
the  cubicle  was  maintained  at  72  ♦ 2°F  with  a SO  ♦ 10T  relative 
humidity  and  .’1*1  air  changes  per  hour  using  non-recvcled  air. 

The  photoperiod  was  maintained  at  12-hours  light  and  12-hours  dark 
with  no  twilight.  In  addition,  all  rats  were  handled  Identically 
throughout  t hi'  entire  experiment  to  eliminate  physical  stress  as  a 
variable  between  groups  (711. 

The  hepatic  mlcrosome  studv  was  divided  Inti'  two  phases  (Table  11. 
The  first  phase  had  three  treatment  groups  of  six  rats  each.  The 
treatments  were  either  glucose,  fructose,  or  saline  Inject  Ions  given 


The  Upjohn  Company,  Kalamazoo,  Ml  49001 . 
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TABLE  1.  Designation  of  Groups  According  to  Treatment 


Numher  of  Animals  per  Group 


Study 


Treatment  Group 


2 days  of 
Treatment 


5 days  of 
Treatment 


7 days  of 
Treatment 


Hepatic  Mlcrosome 
Phase  I 


Phase  II 


Liver  Glycogen 
and  Histology 


Ant lpv r Ine 
Half-Life 


glucose 
f ructose 
saline 

xylose 

saline 

glucose 
f ructose 
saline 

glucose 
f ructose 
sal lne 


6 

6 

6 


6 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


Serum  Hexose 


glucose 

12 

- 

- 

f ructose 

12 

- 

- 

saline 

4 

_ 

_ 

in 


7 days.  Phase  II  consisted  of  two  groups  of  six  rats  each,  receiving 
either  saline  or  xylose  intraperitoneallv  at  three-hour  intervals  for 
seven  days.  The  liver  glycogen  study  consisted  of  three  groups  of 
six  rats  each,  receiving  either  glucose,  fructose,  or  saline  injections 
intraperitoneal ly  for  seven  days.  On  the  morning  following  the  last 
treatment,  the  animals  in  the  above  groups  were  euthanized  by  decapita- 
tion. The  livers  from  rats  in  the  hepatic  microsome  study  were 
collected  for  hepatic  microsomal  assays,  while  the  livers  from  the 
liver  glycogen  study  were  collected  for  liver  glvcogen  assays  and 
histologic  examination. 

The  antipyrine  half-life  study  (Table  1)  consisted  of  three  treat- 
ment groups  of  six  rats  each.  Each  group  received  either  glucose, 
fructose,  or  saline  at  three-hour  intervals  for  seven  days.  On  day  8 
of  the  study,  plasma  antipyrine  half-lives  were  determined. 

A blood  hexose  study  was  done  to  determine  if  the  serum  glucose, 
fructose,  and  protein  levels  were  affected  by  repeated  treatments  with 
glucose  or  fructose.  This  study  was  divided  into  three  groups  (Table  1). 
Groups  1 and  2 consisted  of  12  rats  each,  that  received  either  glucose 
or  fructose  intraperitoneal ly  at  three-hour  intervals  for  48  hours, 
and  group  3 consisted  of  four  rats  that  received  saline  intraperitoneallv 
at  three-hour  intervals  for  two  days.  The  glucose-  and  fructose-treated 
rats  were  killed  by  decapitation  at  1-,  2-,  and  3-hour  intervals 
following  post-injection;  the  saline- treated  rats  were  killed  one- 
hour  post-injection.  Blood  was  collected  in  IS-ml  centrifuge  tubes  and 
centrifuged  at  3000  rpm  for  ten  minutes.  The  serum  was  then  removed 
with  Pasteur  pipettes  and  stored  in  8-ml  polyethylene  specimen  vials 
at  -70°C  until  assayed. 
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The  dosage  schedule  for  all  experimentally-treated  animals  was  1 ml 
of  a 1-M  solution  per  100  grams  body  weight*  This  dosage  was  based  on 
preliminary  information  gathered  bv  this  author  using  rats  injected  with 
a 1-M  glucose  solution.  One  milliliter  of  a 1-M  glucose  solution  was 
shown  to  maintain  a constant  hyperglvcemia  in  the  range  of  150  to  185 
mg/dl.  Control  groups  received  1 ml  of  0.9?  saline  per  100  grams  body 
weight  of  0.9?  saline. 

All  rats  received  the  proper  quantity  of  nutrients  necessary  to 
maintain  normal  body  growth  and  function  (2).  Their  caloric  and 
nutrient  intake  was  controlled  so  that  all  groups  received  an  identical 
number  of  calories,  as  well  as  amount  of  protein  and  carbohydrate. 

Each  rat  was  fed  b ml  of  a liquid  diet  (Table  2)  twice  daily  with  an 
animal  intubation  needle  (3  in,  16  ga,  curved,  with  a 3-mm  ball).^ 

The  liquid  diet  was  prepared  fresh  daily  by  adding  1 gram  of  diet 
powder  to  1.3  ml  of  water.  This  mixture  provided  2.1  calories  per  ml 
of  diet  (69).  Since  the  rats  in  the  glucose  and  fructose  groups 
received  an  additional  11.52  calories  of  carbohydrate  per  day  intra- 
peritoneal ly , the  diet  for  the  saline-control  groups  was  made  iso- 
caloric by  supplementation  with  an  additional  2.88  grams  dextrin, 
to  provide  the  extra  11.52  calories.  Recause  xylose  is  not  metabolized 
in  the  rat  (17),  the  saline-control  group’s  diet  in  phase  T1  of  the 
hepatic  microsome  study  was  not  supplemented  with  dextrin.  All  rats 
were  weighed  at  the  start  of  the  study  and  immediately  prior  to 
euthanasia. 

4 

Popper  and  Sons,  Inc.,  New  Hyde  Park,  NY  11040. 
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TABLF  2.  Composition  of  Tube  Feeding  Rat  Diet,  Modified 


® 


Vitamin  Free  Casein  20.021 

L-Cysttne  0.3% 

Dextrin,  White  67.0% 

Corn  Oil  8.0% 

Salt  Mixture®  4.0% 

+ Vitamin  Mixture" 


Salt  Mixture  Composition 


Calcium  Carbonate 

54. 300% 

Magnesium  Carbonate 

2.500% 

Magnesium  Sulfate* 7 HtO 

1 . 600% 

Sodiiin  Chloride 

6.900% 

Potassium  Chloride 

11.200% 

Potassium  Phosphate  (monobasic) 

2 1 . 200% 

Ferric  Phosphate 

2.050% 

Manganese  Sulfate’HoO 

0.035% 

Sodium  Fluoride 

0.100% 

Aluminum  Potassium  Sulfate 

0.017% 

Copper  Sulfate- 5 H2O 

0.090% 

Potassium  Iodide 

0.008% 

^Vitamin  Mixture  (gm/100  lb) 


Vit  A Cone.  (200,000  units/gm) 

4.500 

Vit  D Cone.  (400,000  unlts/gm) 

0.250 

Alpha  Tocopherol 

5.000 

Ascorbic  Acid 

45.000 

Inositol 

5.000 

Choline  Chloride 

75.000 

Menadione 

2.250 

p-Aminobcnzoic  Acid 

5.000 

Niacin 

4.500 

Riboflavin 

1.000 

Pyridoxine  Hydrochloride 

1.000 

Thiamine  Hydrochloride 

1.000 

Calciim  Pantothenate 

3.000 

Biotin 

0.020 

Folic  Acid 

0.090 

Vitamin  B— 1 2 

0.135 

^Tube  Feeding  Rat  Diet,  Modified®  , ICN  Pharmaceuticals,  Inc., 
Cleveland,  OH  44128 
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Preparation  of  Mlcrosomes 

Between  7 and  8 a.m.  on  the  morning  following  each  phase  of  the 
study,  the  rats  were  killed  by  decapitation  after  a 12-hour  fast. 

The  livers  were  removed,  weighed,  and  placed  in  two  volumes  of  ice 
cold  1.152  KC1  solution  buffered  with  0.02  M Tris-HCl  (pH  7.4).  All 
subsequent  tissue  manipulations  were  carried  out  at  0 to  4°C.  The 
livers  were  homogenized  by  six  passes  in  a glass  homogenizer  having 
a motor-driven  teflon  pestle.  After  homogenization,  the  suspensions 
were  transferred  to  polypropylene  centrifuge  tubes  and  spun  at  9000  x 
g for  20  minutes  in  a refrigerated  centrifuge.  After  aspiration  of 
the  fatty  layer  from  the  top,  the  supernatant  fractions  were  carefully 
removed,  avoiding  the  pellet.  The  supernatant  was  then  centrifuged 
at  78,000  x g in  a refrigerated  ultracentrifuge  for  60  minutes. 

The  78,000  supernatant  fractions  were  again  carefully  removed, 
allowing  the  fluffy  layers  to  remain  undisturbed  with  the  pellets. 
These  remaining  microsomal  pellets  were  resuspended  in  the  buffered 
1.15%  KC1  solution  using  a glass  homogenizer  (74).  The  final  protein 
concentration  after  resuspension  was  approximately  10  mg/ml  as 
determined  by  the  biuret  method  of  Gornall  et_  <tJ_.  (27). 

Analytical  Methods 

The  cytochrome  P-450  content  was  determined  by  the  dithionite 
difference  method  of  Omura  and  Sato  (60),  using  a dual-beam  spectro- 
photometer. An  extinction  coefficient  of  91  mM^cm-*  was  used  for  the 
determination  of  the  cytochrome  P-450  content,  which  was  done 
immediately  after  isolation  of  the  microsomes. 
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Ethy lmorphine  N-demethy lase  activity  was  assayed  in  1 ml  of  an 

Incubation  mixture  consisting  of  15  nmol  ethy lmorphine  hydrochloride** , 
+6 

1.31  nmol  of  NADP  , 25  nmol  of  magnesium  chloride,  32.8  nmol  of 
glucose-6-phosphate*1 , and  0.99  units  of  glucose-6-phosphate  dehydro- 
genase.^ The  concentration  of  protein  was  5 mg  per  incubation  vial. 
The  measurement  of  formaldehyde  produced  during  the  demethy lat ion 
process  was  done  according  to  the  method  of  Nash  (56),  with  correction 
being  made  for  the  apparent  formaldehyde  formed  in  the  absence  of 
substrate  (28).  Incubations  were  performed  in  air  at  37°C,  using  a 
shaking  incubation  (120  oscillations  per  minute)  for  12  minutes. 

Aniline  hvdroxvlase  activity  was  assaved  in  3 ml  of  an  incubation 
mixture  consisting  of  65  nmol  of  aniline  hydrochloride7,  1.31  nmol  of 
NADP+,  25  nmol  of  magnesium  chloride,  32.8  nmol  of  glucose-6-phosphate, 
and  1 unit  of  glucose-6-phosphate  dehydrogenase.  The  concentration  of 
protein  was  10  mg  per  incubation  vial.  Aniline  hydroxylase  activity 
was  monitored  by  assay  of  the  p-aminophenol  formed  as  described  bv 
Chhabra  et  al.  (13).  The  mixture  was  incubated  in  air  at  37°C  for  22 
minutes  (120  oscillations  per  minute). 

Serum  glucose  concentrations  were  determined  by  an  enzymatic 
method  utilizing  glucose  oxidase  to  oxidize  glucose  to  gluconic  acid 
(41).  This  assay  is  specific  for  glucose  and  will  not  measure  serum 
fructose  (34).  Serum  fructose  was  determined  by  the  Seliwanoff 


^Merck  and  Co.,  Rahway,  NJ  07065. 

^Sigma  Chemical  Co.,  Phi l 1 ipsburg , NJ  08865. 
7Eastman  Organic  Chemicals,  Rochester,  NY  14602. 
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reaction,  modified  by  Roe  (6S,b6),  utilizing  resorcinol  as  the  reagent. 
Total  serum  proteins  were  assayed  bv  the  biuret  method  (271. 

I, Ivor  glycogen  was  assayed  after  seven  days  of  inlections  bv  the 
method  of  Montgomery  (S5),  following  digestion  of  fresh  liver  slices 
with  30T  potassium  hydroxide. 

Histologic  Procedure s 

l.lver  sections  were  obtained  immediately  after  death  and  placed 
in  im  neutral  buffered  formalin  solution.  Five-micron  sections  from 
paraffin-embedded  blocks  were  stained  with  either  hematoxy 1 in-eosin 
(H  & F>  or  periodic  acid-Schiff  (PAS)  for  histologic  examination  (3S). 

In  addition,  frozen  sections  were  cut  at  five  microns  from  non-embedded 
tissue  and  impregnated  with  It  osmium  tetroxide  solution  for  fat 
differentiation.  All  sections  were  prepared  and  examined  using  a 
douhle-bl tnd  technique. 

P 1 asma  An t i py r i ne  Ha  1 f -1. ife  Assay 

The  antipvrine  half-lives  were  assayed  using  a purified  solution 
of  ^C-labeled  antipvrine  (2  viCil  and  unlabeled  antipvrine  (24  mgl 
in  1 ml  of  0.97  saline.  The  purified  solution  was  obtained  bv  extracting 
10-ml  aliquots  of  the  solution  in  3-ml  chloroform  to  which  S ml  of  1-N 
NaOH  had  been  added.  After  manual  shaking  for  IS  minutes,  the 
chloroform  phase  was  evaporated  under  nitrogen  at  60°C  and  redissolved 
in  0.97  saline.  Radiochemical  purity  greater  than  987  was  determined  by 
thin  layer  chromatography  and  autoradiography.  Silica  gel  0 plates 


Ant ipyrlne-N-methvl-'^C,  10-20  pCl/mmol,  New  England  Nuclear, 
Pilot  Chemicals  Division,  Boston,  MA  02118. 

9 

Matheson  Coleman  and  Rell  Manufacturing  Chemists,  Norwood, 

OH  4S212. 
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wore  used  with  a solvent  system  of  50  parts  of  butyl  acetate,  40  parts 
of  acetone,  30  parts  of  n-butanol,  and  10  parts  of  ammonium  hydroxide 
(70). 

Between  7 and  0 a.m.  on  the  eighth  day  of  the  study,  the  anti- 

pyrlne  half-life  groups  were  given  an  intraperitoneal  inlection  of 
14 

the  purified  C-antipyrine  (2  uCi  per  100  grams  body  weight).  Blood 
samples  were  collected  at  30,  60,  120,  180,  and  240  minutes  from  the 
medial  canthi  of  the  rats'  eyes.  Each  sample  (0.1  ml)  was  then  added 
to  a solution  containing  3 ml  of  chloroform  and  1 ml  of  l-N  NaOH. 

After  15  minutes  of  manual  shaking  the  solution  was  centrifuged  at 
500  x g for  ten  minutes.  One  milliliter  of  the  chloroform  phase  was 
removed,  placed  in  a scintillation  vial  with  10  ml  of  quencher^  and 
counted  in  a liquid  scintillation  counter.  Counting  efficiency  was 
95-97%.  It  was  not  necessary  to  separate  unchanged  ^C-ant ipvrine 
from  any  ^C-containing  metabolites,  using  thin  layer  chromatography. 
This  was  because  a previous  study  (4)  had  shown  that  the  3-hvdroxv- 
methyl  derivative  is  the  only  radioactive  metabolite  which  is  extracted 
together  with  antipvrine  at  alkaline  pll  using  chloroform.  Radio- 
chromatogram scanning  of  the  extracts  showed  that  this  compound  caused 
very  little  over-estimation  of  ^C-ant ipvrine. 

A straight  line  was  obtained  when  counts  per  minute  (CPM)  were 
plotted  against  time  on  semilog  paper.  The  results,  except  for  the 
pharmacokinetic  analysis,  were  expressed  as  the  half-life  for  elimina- 
tion of  antipvrine  in  serum. 


^Aquasol  ® , New  England  Nuclear,  Pilot  Chemicals  Division, 
Boston,  >1A  02118. 


Pha  rroacok 1 not  1 e Ana  1 vs  Is 

The  pharmacokinetic  analysis  (21.S8)  was  based  on  the  assumption 
that  antipyrine  fits  the  two-compartment  model  in  rats,  with  a,  or 
the  distribution  phase,  being  too  fast  to  measure  under  experimental 
conditions.  The  half-life  for  elimination  of  the  drug  was  calculated 
by  least  squares  analysis.  To  determine  the  apparent  volume  of 
distribution  (V^),  linear  regression  analysis  was  performed  to 
calculate  the  extrapolated  v intercept,  which  represented  the 
theoretical  plasma  concent  rat  ion  at  zero  time  (t0) : 

V « dose  administered  in  mg 
d plasma  level  at  t0 

The  metabolic  clearance  rate  (MCR)  was  then  determined  bv  using  the 
formula 


mcr  . .Yd 

1 t 1/2 

where  t 1/2  is  the  plasma  half-life  of  antipyrine. 

Methods  of  Pat a Analysis 

The  microsomal  enzyme  activities  were  first  expressed  as  nanomoles 
of  p-aminophenol  formed  per  mg  microsomal  protein  per  minute  for 
aniline  hydroxylase  and  nanomoles  of  formaldehyde  formed  per  mg  of 
microsomal  protein  per  minute  for  ethy lmorphine.  Cytochrome  P-A'SO 
content  was  expressed  as  nanomoles  of  cytochrome  F-450  per  mg  of 
microsomal  protein.  In  order  to  compare  the  effects  of  glucose  and 
fructose  administration  on  these  mixed  function  oxidase  activities 
at  the  specified  time  intervals,  the  results  were  expressed  as  percent 


of  control. 


Fatty  infiltration  of  the  liver  was  evaluated  using  a double-blind 
technique.  The  degree  of  fatty  change  was  rated  on  a scale  of  1 to  4 
(i.e.  none,  mild,,  moderate,  and  severe). 

All  statistical  analyses  were  performed  using  the  Student's  t test 
(26).  Values  of  p <0.05  were  considered  to  represent  differences 


between  means. 
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11, 2p.aU-  M Ic rosome  Study 

Criiwt  1\  and  I , Ivor  Wo  i^ht 

All  rats  roma Inod  healthy  during  t ho  course  of  t ho  study. 

Nono  appeared  to  suffer  romp l loat Ions  from  tlio  ropoatod  Intrapot 1- 
tonoal  In  toot  Ions  and  the  twloo-dallv  stomach  Intubations.  Sub- 
leotlvolv,  the  fructose  and  saline-control  groups  appeared  to  bo 
more  active,  while  the  glucose  groups  wore  loss  active  during  arousal 
from  sleep. 

All  rats  gained  weight  In  a linear  fashion,  averaging  approxi- 
mately three  grams  per  day.  l.tver  weights  Increased  more  rapldlv 
In  the  glucose- and  f ructose-treated  rats  than  In  the  saline  controls 
(Table  11.  The  liver  weights  were  significantly  greater  (p  «-O.OSl 
In  carbohvdrat e- treat ed  animals  than  In  the  saline-treated  controls 
after  five  and  seven  days. 

Phase  1 - Microsomal  Assays 

Microsomal  data  for  MKO  act  1 v 1 1 les  f rom t he  glucose-,  fructose-, 
and  saline-treated  rats  are  shown  In  Table  4.  The  primary  data  was 
expressed  as  percent  of  concurrently-analyzed  saline  controls.  This 
was  done  to  account  for  diurnal  variations,  seasonal  rhythms,  housing 
conditions,  etc.  (47). 

After  two  days  of  carbohydrate  administration,  all  microsomal 
values,  with  the  exception  of  aniline  hvdroxvlase  activity,  were 
slightly  lower  than  the  saline-treated  controls.  ltv  five  davs  all 
values  continued  to  decrease.  Cytochrome  P-450  content  and  ethyl- 
morphine  N-demethv  lase  activity  decreased  significantly  (p  vfl.OS)  to 
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TABLE  3.  Comparison  of  Liver  Weights  for  Glucose-,  Fructose-, 
ami  Saline-Treated  Rats 


Treatment 

Days  of 

Admlnlstrat Ion 

Liver  Weight 

Grams 

Percent  of 
Body  Weight 

Percent  of 

Con t ro 1 a 

Glucose 

0 

7.05 

♦ 

0.  18b 

3.60  t 0.07 

103.45 

5 

7.77 

♦ 

0.17° 

3.90  t 0. 07C 

108. 33c 

7 

8.28 

♦ 

0.22° 

3.88  t 0. 19c 

109.30° 

Eruct ose 

O 

6.85 

♦ 

0.16 

3.55  t 0.04 

102.01 

5 

7.92 

♦ 

0.1 6C 

3.99  ♦ 0. 07C 

1 10. 83° 

7 

8.20 

♦ 

0.26° 

4.02  t 0.06 

113. 24° 

Saline 

2 

6.  78 

± 

0.  10 

3.48  ± 0.03 

- 

5 

7.17 

♦ 

0.  18 

3.60  t 0.05 

- 

7 

7.00 

♦ 

0.09 

3. 55  t 0.19 

- 

a Liver  weight 

Body  weight""*  *‘xPr*‘SSt“l*  as  percent  ot  saline-treated  controls. 
bMean  t Standard  Error. 

Significantly  different  from  corresponding  saline-treated  controls, 
P <0.0“). 
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Significantly  different  from  corresponding  saline-treated  controls,  p <0.05. 
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70%  and  66%  of  control,  respectively,  for  the  glucose-treated  group, 
and  to  76%  and  69%  for  the  fructose-treated  group  (Figure  1).  After 
seven  days  the  cytochrome  P-450  content  and  ethy lmorphlne  N-demethy lase 
activity  further  decreased  to  65%  and  57%  for  the  glucose  group  and  to 
64%  and  60%  for  the  fructose  group. 

Aniline  hydroxylase  activity  response  was  similar,  hut  at  a slower 
rate  of  decline,  and  was  not  significantly  lower  (p  <0.05)  until  day 
seven  of  the  study.  At  this  time,  the  activity  was  77%  and  79%  of 
control  values  for  the  glucose  and  fructose  groups,  respectively. 

The  microsomal  protein  concentration  of  the  liver  slowly  decreased 
during  the  study  becoming  significantly  lower  (p  <0.05)  than  the  saline- 
treated  controls  by  day  seven,  when  the  glucose-treated  group  was  93% 
and  the  fructose-treated  group  was  92%  of  control  values. 

During  the  entire  seven-day  study,  the  glucose  and  fructose  groups 
displayed  a similar  response.  The  cytochrome  P-450  content,  ethvl- 
morphlne  N-demethy lase  activity,  aniline  hydroxvlase  activitv,  and 
microsomal  protein  concent  rat  ion  from  oth  groups  were  not  significantly 
different  from  each  other  during  any  particular  day. 

Phase  1 1 - Hyperosmolar  Fffect  Study 

The  weight  gains  in  both  the  xylose-  and  saline-treated  rats 
were  similar  to  that  observed  in  Phase  I (Table  5).  In  addition,  there 
were  no  significant  differences  in  liver  weight  between  groups.  The 
microsomal  data  for  all  groups  were  also  similar,  indicating  that  MF0 
activity  was  the  same  in  both  experimental  and  control  rats  (Table  6). 
Live r Glycogen  and  Hi s t o 1 ogy 


Mild  to  moderate  fatty  changes  (i.e.  fatty  infiltration)  were 
noted  in  the  livers  of  all  the  glucose-  and  fructose-treated  rats; 


Mean  microsomal  values 
treated  rats  expressed 
treated  controls 


for  glucose-and  fructose- 
as  percent  of  saline- 


PERCENT  OF  CONTROL 
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DAYS 
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control  animals  showed  no  evidence  of  fatty  infiltration.  This  fatty 
infiltration  was  characterized  by  spherical  accumulation  of  fat 
droplets  in  the  hepatocyte  cytoplasm.  Using  an  osmium  tetroxlde 
technique,  these  fat  droplets  were  Impregnated  with  a black  stain, 
which  more  clearlv  identified  them  as  being  fatty  infiltration.  These 
fatty  changes  occurred  primarily  in  the  portal  areas,  although  mild, 
diffuse,  hepatocellular  Infiltration  was  noted  throughout  the  lobules. 

The  glucose  and  fructose  groups  appeared  to  have  a 40%  reduction 
in  liver  glycogen  content,  compared  to  the  saline-treated  control 
group,  using  histologic  techniques.  Quantitative  assays  confirmed 
that  the  glycogen  content  was  significantly  decreased  (p  <0.05)  in 
both  the  glucose-  and  fructose-treated  groups  after  seven  days  of 
treatment,  being  b7%  and  72%  of  control,  respectively  (Table  7). 

Antipyrine  Half-Life  Study 

During  the  seven  davs  of  injections,  weight  gain  and  animal 
condition  were  similar  to  that  of  the  hepatic  ratcrosome  study.  The 
in  vivo  assessment  of  glucose  and  fructose  on  antipyrine  pharmaco- 
kinetics demonstrated  that  each  hexose  sugar  prolonged  the  mean  blood 
half-life  of  antipyrine  73%  and  72%,  respectively,  and  decreased  the 
metabolic  clearance  rate  to  53%  and  51%  of  control,  respectively 

(Table  8).  The  mean  correlation  coefficient  of  linear  elimination  of 
14 

C-antipyrine  was  0.992  (range:  0.998  to  0.9741.  The  half-life  was 
calculated  from  the  concentrations  of  the  unchanged  drug  in  whole 
blood  from  30  to  240  minutes  after  ' 'c-ant ipvr ine  administration.  The 
mean  antipyrine  half-life  for  the  saline-treated  control  animals 
(86.3  minutes  [range:  69.5  to  104.0  minutes])  was  significantly  less 
(p  <0.05)  than  that  of  either  the  glucose-  or  fructose-treated  animals 

A 


.'8 


TABI.K  7.  Comparison  ot  Liver  Glvcogon  aft  or  Sewn  Pavs  ot 
Treatment  with  Glucose,  Fructose  or  Saline 


1 lvcr  Glycogen 

Percent  of 
Sal  i no-Treat  od 
Gout  rols 


i. roups 

Gliiooao- 

Troatod 


Fructose- 
Treat  o>l 


Sa l i ne- 
Troatod 


mg /gin 


1S.S  ♦ 1.0* 


IS. 4 ♦ 2.1 


Si. 2 ♦ 1.8 


Moan  * Standard  Krror. 


Significant Iv  different  t ran  corresponding  sal ino-troatod  controls, 

P vO.OS. 


TABLE  8.  Iri  Vivo  Assessment  of  Glucose  and  Fructose  on  Antipyrine 
Pharmacokinetics 


Body 

Weight 

(gm) 

Volume  of 
Distr ibut ion 
(ml) 

Half-Life 

(min) 

Metabolic 

Clearance 

Rate  (MCR) 
(ml/min) 

Glucose- 

Treated 

202  + 5a 

134  ± 5 

149.7  1 9.8b 

0.633  + 0.048b 

Fructose- 

Treated 

207  t 6 

132  + 7 

148.8  + 8.0b 

0.613  + 0. 34b 

Saline- 

Treated 

211  + 5 

149  + 5 

86.3  + 6.4 

1.196  + 0.039 

Mean  + Standard  F.rror. 


Significantly  different  from  corresponding  saline-treated  controls, 
p <0.05. 


w 


<0 


( 149.7  minutes  1127.5  to  169.  3 minutes]  and  148. S minutes  1127.0  to 
172.8  minutes],  respectively).  The  volume  of  distribution  was  not 
significantly  different  between  groups,  being  149  ml  (range:  140  to 
167  ml),  134  ml  (120  to  147  ml),  and  132  ml  (117  to  158  ml)  for  the 
saline-,  glucose-,  and  fructose-treated  groups,  respectively . The 
metabolic  clearance  rate  for  the  saline  control  group  was  1.20  ml/min 
(range:  1.08  to  1.30  ml/min),  significantly  greater  (p  '0.05)  than  the 
metabolic  clearance  rates  for  the  glucose-  and  f ructose-t rented  groups, 
which  were  O.oll  ml/min  (0.489  to  0.772  ml/min)  and  0.613  ml/min 
(0.467  to  0.702  ml/min),  respectively. 

Ser urn  I lexos e St udv 

Serum  assays  conducted  48  hours  after  the  start  of  glucose  adminis- 
tration (Table  9)  revealed  that  the  glucose-treated  groups  maintained 
significantly  elevated  (p  '■O.OS)  serum  glucose  levels.  The  serum  glucose 
levels  at  1,  2,  and  3 hours  after  glucose  injection  were  191  t 7, 

165  t 2,  and  147  ♦ 6 mg/dl,  respectively.  Serum  fructose  levels  in  the 
glucose-treated  group  were  too  low  to  measure  by  the  techniques  we 
used  (<5  mg/dl ) . 

The  fructose-treated  groups  maintained  significant  elevations 
(p  ’•0.05)  in  both  serum  glucose  and  serum  fructose  levels.  Serum 
glucose  levels  at  1,  2,  and  3 hours  after  treatment  were  149  * 10, 

140  t 7,  and  151  ± 7 mg/dl.  Although  these  levels  were  significantly 
higher  than  control  values,  they  were  significantly  lower  (p  <0.05) 


than  the  glucose-treated  rats  at  both  one  hour  (149  ♦ \0  vs.  191  ± 7 
mg/dl)  and  two  hours  (140  * 7 vs.  165  ± 2 mg/dl).  At  three  hours 
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TABLE  9.  Comparison  of  Serum  Glucose,  Fructose  and  Protein  Levels  for 
Experimental  and  Control  Rats 


Time 

(hours  > 16th 
injection) 

Glucose 

(mg/ dl) 

Fructose 

(mg/ d 1 ) 

Total  Protein 

(gm/dl) 

Glucose- 

Treated 

1 

193  ± 7a,b 

<5 

7.0  + 0.3 

2 

165  ± 2b 

<5 

6.6  ± 0.2 

3 

147  + 6b 

<5 

6.8  i 0.4 

Fructose- 

Treated 

1 

149  + 10b 

47  + 4b 

6.8  + 0.2 

2 

140  ± 7b 

34  + 2b 

7.1  + 0.4 

3 

151  + 7b 

24  + 2b 

6.6  + 0.1 

Saline- 

Treated 

1 

89  + 2 

<5 

6.7  + 0.2 

^ean  ± Standard  Error. 

^Significantly  different  from  corresponding  saline-treated  controls, 
p <0.05. 
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serum  glucose  levels  were  similar  between  the  two  hexose  groups. 

Serum  fructose  levels  were  47  + 4,  34  + 2,  and  24+2  mg/dl  for  hours 
1,  2,  and  3,  respectively. 

The  serum  glucose  levels  in  the  saline-treated  control  groups  were 
89  t 2 mg/dl  at  one-hour  post-injection.  These  levels  were  not  signifi- 
cantly different  from  the  fasting  (12  hours)  serum  glucose  levels  of 
six  untreated  rats  of  the  same  age  and  weight,  which  were  maintained 
on  the  standard  rat  diet.  The  serum  glucose  levels  in  these  animals 
were  85+8  mg/dl.  The  serum  fructose  levels  in  the  saline-treated 
controls  were  less  than  the  detectable  level  of  the  test  (<5  mg/dl). 

Total  serum  protein  levels  were  not  significantly  different 
between  the  carbohydrate-treated  and  the  saline-treated  groups  (Table 
9).  In  addition,  protein  levels  did  not  significantly  vary  within 
the  carbohydrate  groups  following  the  injections. 
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The  parenteral  administration  of  glucose  and  fructose  to  rats 
generally  decreased  hepatic  MFO  activity,  but  the  pattern  of  change 
exhibited  considerable  temporal  variation.  The  administration  of  either 
carbohydrate  for  two  days  resulted  In  a small,  but  nonsignificant 
decrease  of  both  cytochrome  P-ASO  content  and  ethylmorphlne  activity; 
these  decreases  were  significantly  lower  than  normal  control  values 
at  five  and  seven  days.  Although  aniline  hydroxylase  activity  was  not 
significantly  decreased  after  two  or  five*  days  of  glucose  or  fructose 
administration,  at  seven  davs  It  was  significantly  lower  than  that  of 
control  rats.  This  earlier  response  of  ethylmorphlne  to  carbohydrate 
administration  may  be  due  to  the  fact  that  cytochrome  P-4S0  exists 
In  multiple  forms  (10,67).  Thus,  the  specific  form  involved  in 
ethylmorphlne  N-demethy latlon  may  be  more  susceptible  to  carbohydrate 
administration  than  the  form  associated  with  aniline  hydroxyl  at  ion. 

The  Jin  vitro  techniques  used  In  these  measurements  may  have 
considerably  affected  the  data.  Tn  the  intact  hepatoevte,  the  endo- 
plasmic reticulum  is  a network  of  lipoprotein  tubules.  These  tubules 
extend  throughout  the  cytoplasm  and  are  continuous  with  both  cellular 
and  nuclear  membranes  (40).  However,  in  making  l_n  vitro  measurements, 
the  mlcrosomes  are  fragmented  and  form  small  vesicles.  Pnzymes  In 
this  fragmented  form  mav  act  much  differently  from  the  way  these  same 
enzymes  function  In  the  intact  membrane  (64).  Therefore,  antipvrine 
half-life  studies  were  done  as  an  In  v Ivo  assessment  of  such  potential 
differences.  Antipvrine  Is  negligibly  bound  to  plasma  proteins  (P) , 
and  Its  decay  in  plasma  results,  almost  entirely,  from  Its  metabolism 


in  the  liver  (71,76,77).  Antipyrine  measurements  supported  those  made 
Jai  vitro  on  hepatic  MFO  activities. 
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There  were  differences  in  the  osmolarity  of  the  glucose,  fructose, 
and  saline  injections.  However,  there  did  not  appear  to  be  any 
resultant  effects  due  to  the  hyperosmolar  carbohydrate  solutions 
compared  to  the  iso-osmolar  solution.  Also,  there  were  no  apparent 
differences  in  the  state  of  hydration  between  any  of  the  groups, 
since  the  serum  protein  levels  and  the  volumes  of  distribution  were 
similar. 

Decreased  hepatic  MFO  activity  clearly  resulted,  in  some  manner, 
t rom  carbohydrate  adminlstrat ion.  However,  the  exact  way  in  which  these 
carbohydrates  reduced  MFO  activities  is  not  established.  It  is  known 
that  nutritional  Imbalances  can  affect  microsomal  enzyme  activity 
(12,19,39,40,53),  but  this  was  probably  not  the  case  in  this  study, 
since  all  of  the  rats  received  diets  that  had  identical  amounts  of 
calories,  protein,  and  carbohydrate.  Although  the  experimental  and 
control  animals  received  identical  amounts  of  these  dietarv  constituents, 
it  Is  recognized  that  the  observed  fatty  infiltration  in  the  liver  could 
have  resulted  t rom  overall  nutritional  inadequacies.  It  is  known  that 
high  dietary  glucose  levels  can  increase  the  liver's  capacity  to 
convert  glucose  and  acetate  into  fatty  acids,  as  well  as  cause  signifi- 
cant elevations  in  a-glycerophosphate  dehydrogenase  (23,24,33).  The 
latter  enzyme  is  responsible  for  the  production  of  the  glycerol  moietv 
of  neutral  fats,  l.ipogenesis  could  also  have  been  stimulated  by 
glucose  oxidation  in  the  direct  (hexose  monophosphate)  oxidative 
pathway,  by  the  production  of  NADP+  (6,22),  Since  fatty  acids  undergo 
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oxidative  metabolism  bv  the  hepatic  MFO  system  (52),  the  decreased 
hepatic  MFO  activity  and  the  Increased  lipogenesis  could  have  accounted 
for  the  lipid  accumulation  In  the  liver  (29). 

Several  possible  mechanisms  will  now  be  discussed  for  the 
decreased  cytochrome  P-450  content,  and  the  subsequent  losses  of  MFO 
activity,  seen  In  the  present  study.  Among  these  are  hyperglycemia, 
hypoinsulinemia,  and  increased  levels  of  hepatic  cyclic  AMP.  We 
observed  hyperglycemia.  In  the  range  of  140  to  19)  mg/dl,  in  both 
glucose-  and  fructose-treated  rats.  Our  observations  confirm  those 
of  others  (63,72)  who  described  similar  reductions  In  hepatic  micro- 
somal drug  metabolism  when  high  carbohydrate  diets  were  fed.  Rven 
though  these  investigators  failed  to  detect  significant  elevations  In 
blood  glucose,  hyperglycemia  might  have  occurred  since  glycosuria  was 
consistently  observed  in  overnight  urine  collections  from  their  rats 
(63,72).  In  another  study  (1)  on  the  effects  of  hyperglycemia  on 
drug  metabolism,  a 24-hour  infusion  of  glucose  failed  to  produce  anv 
effect  on  the  in  vitro  metabolism  of  hexobarbltal . This  is  not 
surprising,  however,  since  results  from  the  present  study  show  that 
in  vitro  drug  metabolism  is  not  significantly  decreased  until  five 
days  of  sustained  hyperglycemia. 

It  was  interesting  that  administration  of  either  glucose  or 
fructose  resulted  in  a constant  state  of  hyperglycemia.  Studies  by 
Fitch  et_  a_K  (23,24)  showed  that  the  four  enzymes  necessary  for 
conversion  of  fructose  to  glucose  (aldolase,  fructokinase,  fructose 
1 ,6-dlphosphatase,  and  glucose-6-phosphatase)  can  be  Induced  in  rats 
fed  a high-fructose  diet.  Therefore,  in  the  present  study,  the 
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fructose-induced  hyperglycemia  may  have  resulted  from  a stimulation  of 
these  enzymes,  producing  the  gluconeogenic  effect  (48). 

A second  possibility  for  the  decreased  hepatic  MFO  activity  is 
hypoinsulinemia.  A recent  report  by  Ackerman  and  Leibman  (1)  showed 
that  depressed  insulin  levels  in  rats  decrease  hepatic  MFO  activity. 
Since  glucose-  and  fructose-treated  rats  in  the  present  study  may 
have  become  functionally  insulin-depleted  during  attempted  adjustments 
to  the  newlv-imposed  hyperglycemia,  functional  hypoinsulinemia  may 
account  for  the  decreased  MFO  activity  that  we  observed.  The  possi- 
bility also  exists  that  the  high  levels  of  parenteral lv-administered 
glucose  may  have  caused  mild  degenerative  changes  in  the  pancreatic 
beta  cells.  Degenerative  changes  in  the  beta  cells  have  been  reported 
in  cats  receiving  intraperitoneal  glucose  injections  (20).  These 
degenerative  lesions  could  also  result  in  hypoinsulinemia. 

A third  explanation  for  decreased  MFO  activity  is  that  increased 
levels  of  hepatic  cyclic  AMI’  may  have  resulted  from  hypoinsulinemia, 
or  from  some  other  unidentified,  initiating  factor.  Hypoinsulinemia 
concurrently  produces  Increased  hepatic  cyclic  AMP  levels  (1,62)  and 
decreased  hepatic  MFO  activities  (1,78,80).  Recent  evidence  indicates 
that  this  inhibition  of  hepatic  microsomal  drug  metabolism  by  cyclic 
AMP  is  mediated  by  production  of  an  inhibitory  substance  in  the 
microsomes  (79).  Cyclic  AMP  elevation  is  suggested  in  this  study  by 
decreased  hepatic  glycogen  levels.  Both  the  glucose-  and  fructose- 
treated  groups  showed  a significant  decrease  in  hepatic  glycogen 


content  after  seven  days  of  treatment.  Elevation  of  cyclic  AMP  could 
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result  In  Increased  phosphory lase  a activity  and  increased  glyco- 
genolysls,  while  at  the  sane  time,  reducing  glycogen  synthesis  e>9). 

The  decreased  hepatic  HFO  activity  seen  in  this  study,  as  a 
result  of  parenteral  carbohydrate  administration,  could  result  in 
decreased  metabolism  of  exogenous  compounds  and  endogenous  steroids 
in  the  body.  This  decrease  in  drug  metabolism  could,  in  turn, 
permit  the  accumulation  of  exogenous  chemicals  or  drugs  in  the  body, 
with  potentially  detrimental  effects. 
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